~~ of satmrated steam — 


Mee SY) 


WAonte te yas ty dbase, yb 
‘lb ne awe dees 
ACRES FU) OF, 

S. erat f 
ug. f 
‘ 


Engine 


or 
1s 


o 
“LLIN 


- Mechanica 


Uw. 
| LIBRARY | 


UNIVERSITY OF ILLINOIS 
LIBRARY 


Volume 


\ = /, 1 fA Vie Ai LS ce 
\ } \ } f Wy / > 
/, y \ fs j =~ \\ i 
/ X SS ~ = fe NY 4) = 
as Sa /7/ SS . sl /- 7 = <7] a] = 5 
Hi jj \ 
=S => S SS — rs = aN — = J 
= = = a ad Nee y = —= x a = — : 
\ ( Xi \ / : AWS Wy MW) x 
=X = \ A / Se eet tA N / 
Z = : \ ASS NY = | 
E — = = = = = ss = = = = 
7 f f / 4 uf * 
ko 3 / fi / ps Nad i 
.\ = < /{h 4} | / 4) } ss J 
= = = = S 7% = 7 = 
XS (RSS \ f t 
= = = : = — S 
if 


Ceres 


IS 


NAS 


CONG, WV 


Z s he 


LOIS ESOS ISAS 


NO NUN GNIS” 


ES 


N 
oe 


. Bi US 


Vy 


A STUDY OF THE ADIABATICS OF 
SATURATED STEANI 


a 


EDISON HARRIS STONE 


THESIS FOR THE DEGREE OF BACHELOR OF SCIENCE 


IN MECHANICAL ENGINEERING 


IN THE 


COLLEGE OF ENGINEERING 


OF THE 


UNIVERSITY OF ILLINOIS 


JUNE, 1910 


PLIICEREV I 


Veen 


\ 


COO) 4 at EA SE ee ee 
” 147.9) Ree 
‘a 


ri" 


ve STs «i eS 


OA iiboe hes Ms aeG rae er 


4 De Ao oe 


iat = 
rd LSA LFS 


“i> DEEDES 


~iry Sea 


PROP LGD Way WOT RSECR rs 


O10s wr 


mit 
’ 
i , 
hy f 
a} " i‘. } 
Fo ee 7 
eh. - 4 , r 
be ui Bean 
< a i ie I if 7 
Re qn hs ea a 
eri ik af 
oe } wha 
4 fi 


| 


aSVAi Brags 


We 


a0 


UNIVERSITY OF ILLINOIS 


HHisis TOsCERTMEY THAT THE THESIS PREPARED UNDER MY SUPERVISION BY 


acct eh UGS MOI 8 FCA CTS NS IAC ON ae 


a 


ENGITEED eA Study-of ther Adiabatlics of. Sat 


APPROVED! Gf 


eemeeinane Reseed Conn 3 


HEAD OF DEPARTMENT OF..Mechanical Engineering... 


168685 


Digitized by the Internet Archive — 
in 2016 


chitps ‘//archive.org/details/studyofadiabaticOOston 


ie 


este 


| ne Che _ pote flaunt 

are Lgllation Sa UY = Lhe. 
ae a 

Iredekpec ee ert a 


je 


i] 
j 
9) 
> 
. 32 * 5 
s . 
x ail 
. ~ 
7 y hw 
‘ j 
> 
’ , XV ae = 
) ~ ~ 
an ? 
x 
. > ‘ . 
' * 
’ ‘ 
. ‘ 
1 5 
\ 4 he 
2 Pe * 
y4 ‘ . a < , 4 
q PD: ; ye ek \ An et 
¥ P % 
* 
y 4 


eral oe 
agli 8 an iar 
mace \ Sees 

vw ‘ 

1 Ces 
Ne as Lye 


A. 


gation, th it seme ohren 


SVtL AV Aad 


veel CLA : 
Lean Vex forrnrla * te: Ed 


fave c: 
Ave. i 


*" 


‘a. 9 osm al 
‘sn 


~ WA i 


a. ct ee ON "Se ee a 


% ; 
” «i Jaane. 
f ~ % ' 
( KEE : ae Se Rate IN 
P. . 
a we SIMS 
Yeoh 
7 . +A ~ 5 RRS: 
ft 
» y = ’ WAT Fae | 
3 ‘ ‘ . ‘ a 4) r Sa a 
hs 
¢ . Ma 
35, ues Se3p, oak s 
‘ ’ 7 me, 
Seca | 
; aa POOR POD, COR Ree ‘ws 
4 


ii” ee, 


] > ~ — a 
+ 
+. % ‘ . 
SEAT “ot ’ 
4 S, 
cy 
y et 
vie 
TS SN 
A, 
a Ney on o\bty 
. * <q» 7 
_ ‘ ite, 


=~ * 
~ ‘ 


‘seh. a a * 


SL) ei FAA BS SASys ‘ep 


( 

Lies a 
~~ x yl Wo 
sh 


7 cle A * | Mie ’ ’ is Mes. 
‘ | : ; all ” Ses ‘> & - me A 
. 7 } ’ i ae ae 
ny " q 4 wl * ve i ; 
’ 5 \ ‘ . 
} ; S be ae a * Ne ah hy ey yA ~ 


‘ A dl | ee 
“ y ‘ ay al mips ‘> , 7 a, | 
4 “/ A : ‘ - if m aly 


of 


Me ee ch ay 
avectizattie, whose woke tare beer 


eee ee ae 


ae ee 
MY 
Ata EE 


ia . 5 rie we Cjuantipoomdle 


pty. UNS 
, ; 
et, - “ih < Ss 

~ ot sy ot ale ee aca ic as 
*\ ot an 


, 
« - 


v = ee INS ik. 


2Q ry 1% 


SS 


avork 
Ded pine re aa 


| i aE I 
; ay he ore nn 
0h) amen ZO 

3 ph Loon psec Ll eg 


if 


a wl ve i \ DA 
ADs % sate si aa 


el 


ai 
4 * . vee La ae 
Ey f 
a <r wee 
: ‘ 
Sw Ria SK” 
4 
z ~" : " 
é ra . b 
i $3 Lye 4 vr 
‘ ~ }Fetsh +>.) a > 
‘ ‘ »* \ aa A ' Ay New SSA” * . 
* ay ; 
me wkE 
a % “*¢ ¥ : 
9 Aad 
“e ; » a -_ 
f aw. Sh oR 
« ' " we 
LPHG.ay Kae 
\ % » Mae, Me : *. +e 
a 9 hb ee ee ny id 
~ A Sy yo eas 
4 ; \ a 
HRS 
' Neal ‘A ii - 
‘tek x re QO & 2 
ae % "i, ae 
-~ Ny Pp. ‘eae. cal ww 
. ES ¥ea4 a 
* mime ant 


es. 


$4 dey a 


» “ 


é i 


hy ts PN pet Si 


c. \ y air 4 


6. 


am wnturaitd bear She vilirs 
bbe ry 4 


BS Oi ee 


~ 
2 Ne en te ¥ DWaytinds' a ‘ 


ee 
ty 
; " hs, 


Ny on > Ste es i Mf 


_ wos ot RAs aN 


\ 


* ’ “SE *% ‘ i] 
7 “ ® a 5 ’ ‘ ’ 
ys) > +> 2 Dab} Sx 7» JPR = 
; VV tee 


orl” \ wo, Be 
' / . > . S ¢ \ bh ye ) = aor Rey 


: | ' \ 7 : “hey ns oxtss AS 
Sy orteks Ray taster de Gl 
= | ee . ae : | 


| "i 
E .% Say Pes pres, >> one 


> 


‘ 


* ‘ a) ) J ‘. \ bee ’ 
LES eS Uy, 4 >. ab SS 


» sh eS rR “Ya 


A . be . 
> Sits Vo Re 
A 


Vp =y, a9 GE5— ee 0 ors 000 38 F)x 
“Gh Son: al Ad: 


te =f/0€ —0003/5 F 1LOTO6E+.0003 T6E PX. 


Le. 


Determination of Values a and b. 


BOlDS: LE OS 
Di ue oS -OTPX x=/ 47-—1/398 
Pena) =HODTIAG px _ X=6 m=/089 
SOC GORD/ 45 = 0508 
= .089 B= ACG: 
= -bX =1/3B3-089-/094. A=N-bX=113 98 SR I-LOIES 
JOOlbS. 2BOO/bS. 
X=/ 2-//376 Ry) t= ae 
= =/. ZI = 
4B = (0436 A =) 0555 
EF ah. ShBO B= /46 


= —-BX=//3 716-109-0236 = a =N-bx=//43-/46=997 


oe 


Determination of Equation for N. 


G-C+GF’ b=E4FSP 
F=200 G=.997 fF? = 200 L-./46 
P= 50 @G-/044 f= 50 h= 089 
/50Q = — O47 VIOLS = 3057 
d = —0003/3 f - 00033 
= f76 20/6207, 


C =/OF4 40156 5-106965 


Substijute (nL guation M=a+bx 


WV = 1 O596 5 -— 0003/3 PH. O7 + .00038 F)X 


MModitied forrnula: 
JV = 106 —0003/6P+6.0706 +. 000376 P)Xx 


4 
La of é : - 5 ‘ “ 


ij i 
. 
\ \ 
vy" Vy. 
_ * , 
NX _ . 
> 7 a» : = ’ ' 
n > f \ 5 * 
' , - , q a x 
} Ss) ie e x a “ ' 
; i 
= ’ : 3 ) a . 
+ pies G 
_ a Aes A | Ss 
7 
> 
‘ Sow ay as ‘ 
: 
} 


oe *y be 
\ nm iJ 
4 a! 
’ 
4 , > ant 
OVE OR 
: 1 f ‘4 
] : 
' § 
- 9 * -? ae ‘- - - 
” 
~~ 


4 , ee Y *. '—. 
es ee ee ne a 


+ PS! 4 Riva. Lo ROR Sa Da 
6) Wit SAA rs agi) >, 


See ee, as ARK ~ y Pere: 


% 


fe shay $y ti 


ae an 


ack 


7 | iia 
ivi" rane 
ies 4 , ny 


f . his Lad Piet i“ 
Pee aay 
’ a hae 


J ere a shi aie 


appr et ge 


GOL FY 


oa 


7 OFT 


“LS 


Reet ee eS ee ee 


eet Sante} 
= S25 SampaeD « 


ie, 


sean ong Er eet SOREs f= TOS 


Fre es a — a 
Lat me 7 =) ae al 3% i ee eh ml nb 


| ‘ cs ¢ = > * 

‘ : 1% —e : cs , 
, b. | a * 1? o>» 

¥ Sues. mt Te ey 


eee 1. Y Ce — 
ot Med ean Pe ee RS 


— ee ——. . ees. . ~~ eee LR mm 
Pd =A -_ i 


ft 
“> ‘ . 4 
ie é > 4 - -~ Pky - at. ; 
} 
« « . . t 
» * 
+. - ~ 
‘) as A ST. is aa 
» y ¥ 
sal > ~ . - a 
4 )> 7 onal - » £ 
. 
bf . 
. = ‘ 
y * nD 4 ai “de s . + - = a — - = 


ie 


Ta ble. &. 


vI/?' 
= 


OI CW/O 


Late. Seer aie | 2. fim. “Ee, ~ ern aS 
ed Sako. | re soaps eames i = 3 Se 


; _— © “ae a5: “3 <a ‘ 
its ya Bet ie CAA = a =. ~ ee, - ‘ - % aL cs bed Te as S J 


3 a eo RRO BREA! os es ee L« Vid. SAA Smal 4S eh s.. ee | . 
ya “Sis aeeees 


arnt_aa| aanghomtieire Pans nail sere) baa 


ee SAN, 


/ & 
Table, 3. 


—— 


ye 4 


TO. 
7a ble. 4. 


dX 


r : (SY ae: V 


a 
hae 


Te 


RARER] MNNG| ee eO A) = 27, (RS Sy the, Seveu Ath. 
SSR ERAG. | sane ta Ee aN "BAS + eH GVA | [wa = 


r= 


: : 2RRR, sto: “ee He hae eae ae se 
r. . Ory RA WMS se ee be NNER YE | = i a. 


‘ - ’ 
ine ih a > > aCe v ‘ese } a +a~ war? Ms . 
let aS =O. lh etl ar ? iS + Weta ; SEN SS =") * 
— 
is i. aie | ‘« 
i = | SVAN es Sb ie 
z = 
~ Db A; ee : 
= es a ° aud ; eS ° 


a eae ee — — 0 = e- — —e a eR 
4 rf % : ’ 
— . . . r™ c 


j & . } ~~ ) 
‘ » Se: a a oS ee a -. — . = a. —— | sas 7 
ie rv » ae = ; L ‘ - Ay =~ ‘ F . 
+ 3 _ : +3 _ he t > ) Ast a 
: bo 
r > » xX > > ey a ry: y ad a ‘ Z a 4 “ 
’ ~- — - wd _ —— ~ é 
' , a 
. -" a * _ - * 5 a | \ ‘ - 
~ i's 4 * 7 . i ‘ « 
7 
a * ° ~ ¥ = — ‘ 
i 4 4 * . > a ~ 
? 
; fi 
, C7 vs , 4 
- . 7 _ -~ -s — em ~ » * ss eK + - —_ 4 
q 
2 = 7 7 = ce ° 


/ 6. 
Table. & 


Halil ce MA Lid ta Sa AEA yielh VTE Pa 


af K 


+ ee, 
; 


© 


ee * > te 


AONE) | SONS ee R Ea fs 


Sas Se! Soe EStazk 


y 


RAN" CNM MIR. ALO RTH 


SS a Soe = 


* 


he 


whe 


uf 
~~ 


4 z ‘ ; : 
2 ie See 


ri 
+ e + @ 7 — J 
» -% a 4 ; _\ ~~, 
a. Ae > OE ee ae 
“* i ee | . * > : * 
. a 2 ! 
Bi a \ ca Se 3 ae5 35 > 


iad 


‘ 


hy“ 


- x % 


ee 


ae oe ee 


’ 
i, 


vd, 


SS ilts eh Re 


I a 
> 
i a 
~ = a 
3 - 
{ 7 
= oa 
= 
—— 
| = 


Lop 


7a ble © 


CJ) 


GIG Y 7 MW GEE: OG 2, 


1; : 
~ ms VALS. ase Zh). SN, 
"> hay. o zy \a 2 G38; : ad an eS. i a oy Bh se AY =. ; ; SOA) : a 


, = Kon oc ce 6 Pe hese ~—_ L A a “ae —— 
me +. SS. ¥, > * wis ¢ ‘ ~ + a oy ‘ *4 x ~~ . ™ = 7... 4 - “a 


F 
€ * i q w ‘a “ * a 7 . ‘ i 3 
+. OO ke | + ° ~ . id . | 4 - > ae I - ‘ Ry Nat et | an o } 
= = , ; = * 
ee A Gn , , a et La ee a me Ye ‘ ae 
, “ Me ed S os ee ee oe ae io ees ka <a a ee BES ot Sa — 7 
le : “4 “ 
7.2 ALP RASS , ee . a ee 
. eee | et ed — Se PAY So Bes kel = 
7 a 2 & = | > an 7 _ 
— acy — _ —— een a - 
- *, : ~*~ . 
a « . \ te * - ae —a4 
. ‘ » . ~ ” » Waid ° 
- Wi 
7 z 
- Law « ~—it 
+ 4 
E . : . 
; ' & 
a eo - “ os a 


/2 
Table, 7 


P5007 
Ger] ea |eenBeoRY | BOOT 2862| Bere eTe7 O87 


‘ Py ey ; es aa. & ’ <> 
: haa cat ne ral YRS! cet = - i Faye b hicks FI 


eee SS xs Sve Sy EARS VSR VS Sey PO Sa ei | a 


7 ~ ". OD = ~ ite t 2 a ees .s * he - yh 5 = ~ 
> + % SA > > i > 4 * ° _ ¥ “re Mitte . a . : =." ‘2 ) eae, f =o 
, $ | a 
, = - a =e Ley > a 7 * at 5. i etre 
> : 4 “ i -_ 
~ re 
, ‘. R . : as 
Z — . tre . - 7 
io 4 ae a ) - e~tow _— i as -_ : x - — a | Se ————— = = 
~ = 
. C asl ‘ | e ~ : ‘ ~ 
e t. ‘ t ash y at aes ae eee oe | Se ee 
“ 
— 
a) a a 4 
—* 
ont - 
7 5 
a 
_ = a = eee ——————————— 7 
. ' : 
( ‘ ‘ ~~ 
a “ 4 a 
“a 
> » ~ « 
& ne _. 
a & 
y . 
= 
i 
. - 
} - 5 
> : a . 
- ~ - » - 


19 


Table. % 


és VY’ 


[PR87 A FORRES] — Bl TOT EOD PI BLOT OO 


ze ae 
| ANC Be 5% 5 * eae a ~~ - . SS eet \ _ erm i ya: 2 "oe | Se ad RAS : ie 


me ican ale .~ im | ae . : —— |- = pas 
mc es . ‘i i BESS EA\S. 3. 7 Soa rt AN ~Sa tr aes =... 4% a aaa - 


a } + - « ~— = 
— sa — a Poh , rt if ‘ ¢ . oy ri ee {™ rs —< So 
< - ~~ _— 2 ~AF >t. ; > Vac @ Pa ' i « 7 . j ’ 7 cae, 
C™ Pe > ~ @ 7 « “~ \ rot 3 i he . - a % al %. = Oy <—-~ & oe ON ee oe i ~~. = .. “nas! Lo ; - , > - 
: G ar - — my :&>- , >, aw ; ‘ : 7. 
7 . w ne oa : +>". a. ah <= a  ¥, . ice ' - - pe 7 : 
a 4 & ‘4 sae we: ue! ll 2 ‘ 2 & - - | Kok ae (| — | 
y@ al iT < 
ae minke) aide i Sane BS hs Se 4 -o 
‘ | 9! PAS. 8 ‘ ‘3 ie Sa aL ee ar ae Sa ee a oe Se ee ee a ee : 


2 
any ; no 4 :  m = 
rs . vert \Ne : 


~~, >> a, . 
4 - F Pa. Sa oe fT ~~ —— _ is «+ A »: 


eh F 


«6 Bid > ee See 6 ~ 


e 
ike i. mf » 


r ~— - — - — a a — _ 
. 
: 
j : 
ity ‘ . * > e ~ —e — eo | 
al 
. ‘. ~ »” 
¢ ‘. 8 al > we . 
» 
» J . ” ef. Ms 
_ /, 


7S 


o 
. 
¢ 
. 
- 
' 
: 


ZO 
lable. J 


pe aie an ee 


pe, \ as “ n 4 ¢ a t - .% . 5, r "I a : r 2" 
t 4 a} 6 ; . 
gs 


° - ~~ 


: 
a 


: : : © aa 4 eS 
awe te Ts Soe 


i 
| 
e 
- 


Zl 
Ta b/e./O 


O) 


VEIL BE) 


\BALTE 


TPO? 


TEBZI 


618" 


POPE] 


LV I66 V 


82078 


EBS 


GZ) GLEL’ 


O92) 
G/OL) ZEGE™ 


EV] 


EVP UGHES | LL 277 


xX 


GHB/0 EOZIETGUL 2 Z| 


F| 67007 7/09 


GOLF 


EPL 


LEVG EPU// 


na oe ae, P 
iba ye iia x ay si 
% 


Ae aris 
‘ \ " » 


oy \ Fe “ \ 


y . = 
Se fu .: ; 
' ne. *, ‘wae Co 

j “ey ade et 

is all ar Ad aM 
hy ae! - 2. c ps 
Os a ea 

- We ay ¥ ya 
* a ~ 


S 


= ‘a, - 
‘ : iw uw t 
~ é “ & Fa 
: : oy iG 
ny “” . 
fay 
7 ? 
4 
{ 
: 
’] i 
‘ 
' Vv 
"7 : ) 
re : 
a Li 4 é 
- { 7 
{ e 
b - 
hy 
hos 
- 
b+ 


: te 
oe 


= 
+ 


ey —— nga 
= = ae 


EUGhEC 1 


a HEREC 


Le 


ee 
HEE EEE 


560 8 a em rn er rs rn i i i i eens 


aces ae 


MMe Sa 
CT HE EE EEEEEES SEE RE EEE Yar ees 
EA MMM Laat LuBtGnAmE Sa Ge SRS ES able ae 
mn i th AI AELONONU REEMA SOS CS SES Ue SRE ~ C 
NHN EH GENEBET RS CECA Se 
HOTTIE CIES SPS SSCP 
se REFEREE oacc ESE SEBS SC SEER eRSCdSSa ee SSE ome 
TAT ee ta HH SCORER ROGGE GR OM em Geek Cis ames eae Caleoae marcme entre ares fa 
PPT Rg Guage ee eel on le coo econ i a 
HVAT ATTTUATEGT TGA ED Ree RG tm el 
HIGHOELGGGO AF ESGVOWO AAG ODGRBRN emt e Glee et oaeancl colon en Ce a mGsr  clee f 
HERE EEE E-EE EEE fal rs SBE Leen vue 2a cra meee it 
PEE EECEEE EE EES SE te EE Eero 
TUITE PRP TU EE -EEEE ESE EEE bobbi lid 


ith 
© 


peo ap 


an cee "Al ee Mn 
ain tan 


cd. 


= 3 4 UR ee SO eh. : - 
i == $ ++ 

oy oe . | a 
ag — ee + spy 
ae iH == = === : ; i 

ae eye 

vai cs —— I + | : + fea ence ssasecseeacessie set : 
Ne = ! aes i | 
ini bo) 


— 
= 
— 
= 
= 
J 
= 
= 
reas 
oe 
= 
se 
ee 


ess 
ae 
mrs 
Baw 


a et ieee Se 


rae \ ~ oi Hh 
cE oS oe 
EHH oo os See Halt 
co EEE EE es 
earite he en A 
BEEH ER EEEEE ECE EE EEE i H 
4 ae 4 os a 
Peet H HER TRERRE HAA HH 
ert h H ETH th AH 
See HHH Hath Hi Hh ae a iz i 
EEE HE : Hi ee i 
Patt ie 
- He ee 


i: 
he 


c 


ssf Serf Eee 


He 


me 


: . ; 
Hy N 
Mi Ht 


SS, 


‘\ ih ING tie 
os SS \ 


Nu Hh isin 


. i i N ae 


HH it 
a 
ee ii] 


(feliiataeaa ina | Ei 
ee Ge Seeeeee 
RGGRRMONOSGNTTL i HH a 
“ai it a HN i} See 
(OJ tA FFI ES ! i reefer} 
er Pee Ett s 
é Bae 9. i | enna nh na aun +f i \ 
an Jo 
Ski iH HTT t i) eet |: | ee a eee rereeeerae iH Het 
a ar RA RH SSetse 3 HE ah 


iananiitent 4 ari a | Bete HH HET 
Huth HA Ae BS ae cSaeeeoegadl Ra 


pits es ot 


J. NORMAN JENSEN, CIVIL ENGINEER, CHICAGO, ILL.. U. S. A. 


H i 


it Hn = PERE HG A PEETEEEE HEATH ee 


PEPE CEEPEEEEECEETLY a HEA 
ORO URE tuccarantatttiie tii THALAMGAE 


a 
‘aan ut 
|. tft CCEREEEET HE HL CHEE tit Ht hil 


E gua HE He EEE He 7 ic 
ae re ie i, 


COFYRIGHT i908. 


fie 


So aay 
Ht BEDRe So SEcnm ea fiesteeseneae: 


PE eee il TUTE EEEEET EEE CEE 
HATH HTUAMGUUTAAtPEeTToeweeaee 


AML TEETH AHP EEE a : iE 
SSE an aed i Milan a ese 


+ 


HAGA Htaee 
en SHE 


anc aesess: 


o Ld 


i) 


ARATUERAOL ALANA UANAAL 


TT 


= 


BEER EERE EEE EEE 
| mbssagiets 


MMRMRCOCAOateatitt 


CECE 


PLOPe Le Lee 
pucsaeees 


A 
ae og 
zy ‘Se 


ti Xi ras : 

Mt SS H Xx ww 
ae Ne RES | 
ie i os Sepcenans ) 
We i vat i TERNS 


— 
Pa | 


Seae 
ape ese 


PEEL 


HH 
none PEPEEEEEEL THAT 
acarete SAMUI RSE 
SOUT SBEOHOREOTELCOLGTERT TH 
Free TER 
BOGSRENGSOWERGUEETEI GH aM = 
PEE EEE TEETER EU ‘esas 
eH TEE na 
PEELE EEE Le 
Sie i eas 


ARE ae 


9 FAR Bl 8 OP 


zs 7 
Sunaen 
He 


Lif 
ia 
mangas 


mopeee 
Soeses 
= 


= 
— 
> 
= 
me 
= 
= 
“a 
is 
a 
nd 
3 
— 
w 
x 
=. 
, 
2 
fe 
a 
ES 
4 
= 
x 
re 
| 
. a 
a 
a 
_ = 
= 
= 
4 
Px 
. 
= 
re 
bel 
& Bo 
| 
an 
is 
R 
‘a 
N 
= 
4 


ammny dan soe 
ee 


fe | (/OS/ADSG_SH 


' 6 BD aia 
4 ee 


B4ey, 
ZZ 


Ee 


— 


“Ol 


AEN 


ASN NON Ch 3). 
cc 
qe i SS a i i 
cae HH cl in = uns . 


nae 

| CNN Mii ty 
HH 

iy 


zs ~ a ae 
a ANNs 


uit 
ii iit RE Lee Se ee 
es 


TET 
ROTRRU AUC SETANGL ERTOOUEEN TELL 
OTT UHH 
bea id HHL A Ht an i 
MLO tut 


innit \ {Nl NM th 


ca int au is 
HUT SAU : 


SS PTH WSANN TELAT 
UP HK) LDS. HH Beet aa Buenas PH He Hn ON it 
mani sti aii LHL HES i PReeeth Mu a Io 
ret tel yy Hat ROUaRT YET EETET UBER UVGGCUSEIEUVQUITHU| eames Sl lr ESE at ‘SS RRMBREAITRAUHHANELTH HAHA 
4 ace iP, ahtT\ yal a Ei FAUNA] see ac essces= SSR GSSSSeRSneanae PH 
deacrsatitat DeGRaneeaent 39 9 it TARAAU HU SO 3258 Booasussecccee caine 
(Wos2.9 4 Yo.3. nh Ht HL pee ss egaecs EEA ECEEEEEEELH 
cote i Bete lt a Hit NSS Fy Seen a 


Lo 


SE acacia Tt i : aR 7 o = 
put ie Ml i Scenes cet - seaes Pret Hl HE i nin ‘ 


PEE rn 
i yg it Eee en i 
Le ASA Ce Ce i ‘| 


U.S. A. 


J. NORMAN JENSEN, CIVIL ENGINEER, CHICAGO, iLL., 


COPYRIGHT 1906. 


Eee 
enneE 


ea 


ae ieee 


ae 


ate 
: ia ae 
HI 


ae 
ENEERENES 
SRECEP REEL N= 


PSN 


Hh NaN Mi i. ia a 


ial beet the HH 


ae — il a 
<a 


anne 


aT HI 


i 


EEE 


Hil 
| 


PT 
EADS TRRGO TONY ND 


HS a 
: tm ei MN 


n itis ahi i aN. 


Z¢ Mt Tul ITT) ane 
ia earful ie 


rm {| a 
PEt its) Ft tg i 
Gat LAUT LET rt 
He PESS8 = Hh i 


ie SS 
Hh a A 7. 
fn a 2 i i Ih, SeaEaERS: 


aA ieee gare 


PEACE EET 


“48 
SEPT 
Rae FETE 


jRROMBRNA NAS 


ai 


Ammer, eal 
ier 


in 
A 


i is i o i 
eat i ae a 
ae: Ra 


[| fi Uj RATH AA ‘It 


sli de at hae 


BA 
Vis AT J 


ah 
daruitt 


ae i 113 in He 


i 
i 
i 
i ane bit it it nil 


inte 
= : 
ce 
i a 
HH 1 
Hu a i Mil a 


SH UHH 
HH ha 


Hn 
HU t HY 
HT 
CARE 
dese ca EET i 
BNE 
es ia 

li HHH hh 

HAT i HNN} 


usa 


4. NORMAN JENSEN, CIVIL ENGINEER, CHICAGO, (EL 


4. 


- 


F-/ate 


Pane Sea. 


LUAUYAAGRRSSROD RHE SCE ae! aap ele el 7 ie a ea AT eesti] 
TANGO AER REARS PEC ee GREY AEP Ae? Aer Ht 
TTT +H HEHE Hee PLE BP 48.0007 oS” Sey | Hitt 
PEE ERE Eel Pay Ab 0a? a8 IB © a ll 


HH 

| 

“ak CEE EE eet 
PEPPER EEE Pot 
LEE EEE tot 
LAMM HHTGH FER HIM HTIRIGESESE aoe ZEB CEE ts SUPE eee ert 
tt Pee 


IHMITTEETLEESGAAEGHAG GOMER GER RY a pat Ss. SoEESEES 
LEH HUMHIILHSSanAHaLee cae 2aee 2a an ee EEGEEUEE eee 
HNL MHEHEGEHOHEROREGEP RAB GED 4am ete EEE 


A RHEE PEGA GR oe Gay an eae ren iaetse coaneeea| ELE E 
us au His laa ata comme Tao NED eh Ee 
aA iD Ali ait CA On ia it ne | imHHIESEIE ie? 


a Baa 
SU hs %Ess SSIS BE REESEEE 
SEN GBSRNCBEEEORSIOCIN 


i 


Ew sageee TE 
: 1 Pay ee 


OS 3 Bs ats a 
| (5 al P71 a SS Se 
a ScunaeaLenLauee 2 2 
| ER 


iit 


Prt Tet P ) Pet et 
a. i 
sseeerean ata 


fis 


ee 


ae 
TL a Ht Hl iit 
PUT i HH 


i I Hi HH tit ae 
ROSUPEOREROUERETORTA TEESE CUTTS TT Aa 
CT IV 

Bae ueeutvaeeistatatattattett 


HHL 


i a a a eRe kee ee 


Py 

EEC AEE i 

PEPE EH Gihintbanitn 
ke 


iver EEG HEIRS 

AHR EEUU t= 

H Ht HA NH Size 
Ho IAT i a 
H iM 
Hh ee 
te HA 
Ce ee 


No 2 


SA 
Cait 


| 
4 
3 
a 
a 
qi 
a 
a 
| 
8 
| 
a 
“| 
a 


Ml 
TH 


3522 La 
: Soul 


sis i ee rr} 
Matin teh f at ea Ce 
ap, © Ss Set = 1 
= Ww [ee 2 


oh 
J e288 JOO TE BRARE BORE ih 


rn 
AnH Ni! 
DESHEE NOEL SURE AreT dani SECT rit Tent 
UA Re 


H 
PTTL ge tia a pee 


MWVOIUIME | 


f <li 
Hess a JGRER RANEY 


TT Heal 
{TE 


SRSCRIIE OWS ERY Ry a> inn BMRA GRO 270 )%5 Fs CURR TERELTTT } 

BEaeT b LIVI MQ) L FCSSUFEC LADS. | Mit j 
iP a { Thi BE pag oe aaa eee Hitt 
: j mt BeBAREL auanugtearsaine Hii ITH 


Hh Hie 
CO 
PERRET 


3.0 He Euan th) 
eit TCU EMMETT i 

f UUET ESCA E TPR TE 
PETER TE 


aL ATINE iat ATT EHLTEE 
P| HA titi 
SORA AGRRESRAGRRUELILIEHNT) 


HH tH at EAH 
ye curt//b Itt 
SY 


et bel etd a 
fj Sommucuauer ana. 


SESGRORDSNEETNICII 

SSERSSESTEUERTSRSEIC Ht i} 

BEER RPEEEEEEEPEEEL EE HEEL He 
PEE EE EEPEHEEE EEE 


Soe 


= S 


ee St 


. itt 
Ht ct ruditt hn 


PTH unit ‘a TH 
DERTT GNA i 
eH HAHA 

coe 
RRR 

Ha 

HT HH He i i 

LARA mi HARA 

HAA nl | 

A TTT] 

7 8 9 10 


uu. S.A. 


COPYRIGHT 1908. J. NORMAN JENSEN, CIVIL ENGINEER, CHICAGO, ILL, 


EUGENE DIETZGEN CO., CHICAGO. 


ayy “abe 0a 0epheety 


ts 5 E> oh 
“ ag rye sa + ~ 
OK hy, 


= 
# 
a 
ae 
r 

t 


wots rs: eae 
, » 


EUGENE DIETZGEN CO., CHICAGO. 


y oe peeey | a 


Pe i eS 


a> 
' eee) Fh oc 


— pate ¢ 


tay 
a ee 
Srema Sears hha 


“e 


FS 
¢ 


Ped at 


oe : 
« 


' 

Nd : 
ae 
. 
eh 

os | : 
> 

} aes - 

S| S 


pond 


qe ne 


ainda, telmemetca 
2 ‘ 


oe ee : 2 
- “- ipa ‘ ae oS ae --> 4 ‘ aa : 
<— 1 Mee aie al i ‘ ; bs Sean ’ —e ~ a + = et = ctsioculiinpate wonied 
<<rs oS par Ree te Rye eS er a > aaa tae cha eA mA “ reny ret ERA Behe > aN ao *s 
_ ae? bam =~ sg ra, we so oY, ¥ mas all Saat : ; < x i oe i, 
2 a r= ne << : ; : r ; a7 : « ; t : ” 
~ ale y me ~ « = a a , st rr. 
me has all tee of Tn bo tabs re aie ; = eis beck: SET TE > ae i. 
= = att ee oe es a = a eet . a : a ey 
: ael'y ; rs X sv “ in! oe, wT i 
4 cs “ ' “tt 4 = +2 A re . = ww z 
’ + a =~ ~ z 
: * « c+ “f " 
* — — =~ r La = ~<e - ~ oo _ _— “* : - 
wes Skee “~ ” weer a canner © Ss = ” ¥ , 
' ‘\ x i A by ~ ~ or. -_ 
vs r ¥ 4 ‘ ne 7 + zi e 
f : * st f T ‘ a - ages ee oh ete ~ 
_ > ‘ <  — _ (ie lied © _ = Hr ae Pieteene a noe ball wes a ee eae eral - wae a ac « 2 3 
) . pie 1 E J ‘ A eae ea 3 2 q : = 
a 1 > <4 . i “ : ; a ie és " - SA : 
a Ps y 7 ae - Tae ¥ “ I ~ ay 
* c = % a —— - = = aay = 
~ as polly See, ect rere . one és ee = ipo ete esta 2 ~ = - i ; ; 
j - ' a ars ¢ 
Fi ‘ > ¥ wae ~ ¥ at - 
. id a ray ~ “= 3 % - i ¥ ety con | 
4 a t 7 - f . - 
aaa F 4 = e 4 ke pe i « " whee ~ * 
> i . Oo ee be ena, 1k ee Fe ee ee Ses oe re ey Paar ty ae - ; 
r i. “oe. = i * - ath 
3 beta : he »- + . : 
: oe ‘ ‘ a “s a nae A = 
ae pee Ree 5 ; € Re ‘ ‘3 Seal ee ae = 
tp _ “ . — é 
~~ a > * ‘ ~ 4 ’ 
% “ ite iT x * it a q ae oa _ he wg . a rare ne dic aea 
i — 
} ¥ : t — 4 4 t an F + ~ 7 - 
Le : * Fe : , 
= ca - No tam - r as! 
re E => a i 
1 r 4 
nae \ — be 
- ~ ~ 4 © y 
- > = = 4 - 
pe — , 4 
Se + ‘ * Y 
2 m . = = ony o ~ 
i sahara 
= “ = et “ ot 
-_ L ue : 7 
- Tw j + Sy ; a d t “ t = 
A etek ied S = er OER 2 anon ecatibhs dda thee an i -* ee - a 4 lem ore os 2 : 


CHICAGO. 


GUGENE DIETZGEN Co., 


ee ee ee 


Nene Glo dome 


abe rere 


* = 
ee 


. Leak as 
eee 25 
Pr ee? Ae Fae 


Fl ae aes 
= . = 


ans 4 ‘ 
= - 3 ‘ 
<n vt . fay 2°2 seeder ar « 
atu No 3 a ~ . x 
. 1 '- ‘ i a ‘ 
any bond tet aw) 
% © ~ nag al oan. 
-¢ = “a 
— " a i 
t 
is = ‘ = 
item =~ 7 = = 
‘ 2 i 
+ “ 1 
i 
' Pak ‘ 2 
t ’ 
; t 
a 


= i 
if od 
¢ 7 . 
‘ aw # ey - 1 r : 
a oni 4 & 
‘7 he 4 a He ~ s = aa re Cebabd re nos is > a o yt eh ees ae 
* f 
a : ~ ~ 
? . soo 3 ~ - n 
ial . ~ Tr ao - aimege s ~ = - 
- ' 
t € 
“ a re a 2 - me) 1 
; ; = . < > - 
: J a As + . , 
‘ = ¢ re : * 
~ oh nie - a es eau * rt 
. fa os ~ = 
rt ’ +: ie t 4 
‘ ‘ . . ™ 
“ x ~ o -~ tm re = arlink | se rm Cece = nat 
3 -— fT - 
- . - er i at = . r - - td 
S om - n . \ me "f a 
ca . f i : 
' fe pet ae r aj “ : Ha = 
= phe * e , 5 r eae ee J 
= = Se we ewe, See =~ ‘ ft od . 
— =. oe be ra tad a — ~ ee “ = a aa rer ae ae ie i esas 4 — 


we a, 
a 234) Gf 


EUGENE DIETZGEN CO., CHICAGO. 


; sie Oee 
. Pepe be Os ex Cin owe 
LARPS ERE C48 be Pes oleae: URE Be me b> 
the 5. E>) Se Sa P ewe 


vbr 


ay Ck fe hat 
: 
nye 


‘ 


a ee 
> 


Rees See 
“th 


ee Sar eee 


in (ea 


ma 


% oP. eo 
1 ap hap 
ry - An - : 
F - - a ; 
; ws Gs « 2 7 ad 


: k 
= 
. ' 
i : . 
i t 
4 ; “ey 
“ -~% 7? , ool sy = t - " 
. Sid ; Dee 4) _— 3 ae - oe ee 
r - t= : " - ~- ¢ * - ? 4 
wero A ~ “ #e - - — - a - —s — ~ e —— . 
A 2 4 a _ . Yi ed = , z 
° x s a 3 
=: t “ 
= : 7, ns > Hy tan = - 7 = - . . 
4 i 4 , : sre lt . 
p : t 4; a] 7 we : - 4 e 
: <3 a a oa = ° . i - ate gs | 
* $ i ‘ OP ips é as ae ‘ ya a _ Pee > » - ; 
hs ve J < he 4 
P ] . . - . ’ : 
y ; f ‘ - > - ” ow . , ‘ 
* or. : - - - }, 
# Ag eter om hace ey hes Sa om =4h en ° . ‘ > “ SES. ees a — < 2 
4 ay : ‘A = é . 
t a a s +h ep 4 7 
~ - - - - - a r Lem - Z — ee ~~ - Ae - _ ~~ 
- 4 Aa =- . m = 
- ¥ ae sony - 4 — 4 
aw ; * “= ° J hy 4 4 at “s F b 
2 : a rt d ? , ~ 
— 4 3 are) a " be re 


eek =: 
peer: MOF See 
$075 hey? OF Fe 4 
a tow toe ee 


zt 


i 


Tee pty 


* eppe-< ° 


Varanae | Lane ail 

LiL AanNnde fi O 

ote. F — 
cas 


UNIVERSITY OF ILLINOIS-URBANA 


II 


3 0112 086826903 


